An investigation of chemically induced microcephaly in the rat / by Mosca, Philip,
INFORMATION TO USERS
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to  photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.
The following explanation of techniques is provided to  help you understand 
markings or patterns which may appear on this reproduction.
1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to  obtain the missing 
page(s) or section, they are spliced into the film along widi adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and dius cause a blurred image. You will find a 
good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to  continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to  the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.
Xerox University Microfilms
SOO^orth Z eeb Road




MOSCA, Philip, 1949- 
AN INVESTIGATION OF CHEMICALLY INDUCED 
MICROCEPHALY IN THE RAT.
The University of Oklahoma, Ph.D., 1974 
Anatomy
University Microfilms, A XEROX Company, Ann Arbor, Michigan
THE UNIVERSITY OF OKLAHOMA 
GRADUATE COLLEGE
AN INVESTIGATION OF CHEMICALLY INDUCED 
MICROCEPHALY IN THE RAT
A DISSERTATION 
SUBMITTED TO THE GRADUATE FACULTY 
p a r t i a l  f u l f i l l m e n t  o f th e  re q u ire m e n ts  f o r  th e




Oklahoma C ity , Oklahoma 
1974
MI INVESTIGATION OF CHEMICALLY INDUCED 
MICROCEPHALY IN THE RAT
APPROVED BY
DISSERTATION COMMITTEE
DEDICATED TO MY PARENTS: 
P a sq u a le  and Carmen Mosca
ACKNOWLEDGEMENTS
I  am d e e p ly  in d e b te d  to  P ro fe s s o r  T heodore D.
M cC lure, who d i r e c t e d  t h i s  p rob lem . H is c o o p e ra t io n ,  
c r i t i c i s m s ,  many s u g g e s t io n s ,  and e v e r  h e lp in g  hand  d u r in g  
i t s  p la n n in g  and p r e p a r a t i o n ,  were e s s e n t i a l  f o r  i t s  
s u c c e s s f u l  c o m p le tio n ,
I  w ish  to  e x p re s s  my a p p re c ia t io n  to  D rs . P .  A, 
R o b e r ts ,  J .  F . L h o tk a , A. C. K u rtz , and W. J .  L . F e l t s  f o r  
s e r v in g  on ray e x a m in a tio n  and re a d in g  co m m ittee s ,
I  a ls o  e x p re s s  my g r a t i t u d e  to  D r, Thomas B rig g s  f o r  
h i s  h e lp  cind eq u ip m en t f o r  th e  th in  la y e r  ch rom atog raphy , 
and to  D r, J a c q u e l in e  C o a lso n  and Zelma P ro c to r  f o r  t h e i r  
p r e p a r a t io n  o f  e x p e r im e n ta l  m a te r ia l  f o r  e l e c t r o n  m ic ro sc o p ic  
e x a m in a tio n  and p h o to g ra p h y , I  a ls o  th a n k  them f o r  th e  u se  
o f  t h e i r  eq u ip m en t w i th o u t  which th e  e l e c t r o n  m ic ro s c o p ic  
s t u d i e s  c o u ld  n o t  have  b een  acco m p lish ed . In  a d d i t io n ,  
s p e c i a l  th an k s  a r e  due to  P e te r  M osca, D r, R o b e r t C oalson  
and D r, John  A l l i s o n  f o r  t h e i r  h e lp  and s u g g e s t io n s ,
I  w ish  to  e x p re s s  my g r a t e f u l  a p p r e c ia t io n  to  D r. 
A lto n  C, K u rtz  w ith  whom I  sp e n t many h o u rs  d i s c u s s in g  th e  
b io c h e m ic a l  a s p e c ts  o f  t h i s  problem  and to  D r. F ay  Myers and 
D r, W alte r  J o e l  f o r  t h e i r  rev iew  and comments c o n c e rn in g
iv
p a th o lo g ic a l  l e s io n s  se e n  i n  t h i s  s tu d y .
I would a ls o  l i k e  to  e s p e c ia l ly  e x p re s s  my deep  
a p p r e c ia t io n  to  E la in e  R o s in sk i f o r  the many t i r i n g  hours 
sh e  s p e n t  ty p in g  and p ro o f re a d in g  t h i s  m a n u s c r ip t .
S p e c ia l  th a n k s  a re  a ls o  due to  D r. W. J .  L . F e l t s  and 
th e  D epartm ent o f  A n a t o m i c a l  S c ie n c e s  f o r  m aking a v a i la b le  
th e  f a c i l i t i e s ,  eq u ip m en t, and su p p lie s  used  in  t h i s  s tu d y .
TABLE OF CONTENTS
Page
LIST OF TABLES....................................................................................... v i i
C h ap te r
I . INTRODUCTION........... ...............................................................  1
I I .  MATERIALS AND METHODS .....................................................  4
I I I .  RESULTS.........................................................................................10
IV. D IS C U S SIO N ................................................................................18





T ab le  Page
1. R a d io lo g ic  C e p h a lo m e tric  M easurem ents . . . .  12
2. W ater and L ip id  D e te rm in a tio n s  .............................  15
V I 1
AN INVESTIGATION OF CHEMICALLY INDUCED 
MICROCEPHALY IN THE RAT
CHAPTER I
INTRODUCTION
M ic ro ce p h a ly  i s  a  c o n d it io n  whose m ajor c h a r a c t e r i s ­
t i c  i s  a d i s p r o p o r t i o n a t e l y  sm a ll c ra n iu m . I t  i s  c l i n i c a l l y  
s ta n d a r d iz e d  by a  c r a n i a l  c irc u m fe re n c e  l e s s  th a n  th r e e  
s ta n d a r d  d e v ia t i o n s  below  th e  norm al f o r  a  p a r t i c u l a r  age 
and se x  (F a rm er, 19 6 4 ).
The e t i o l o g i e s  o f  m ic ro c e p h a ly , a lth o u g h  num erous and 
v a r i e d ,  may g e n e r a l ly  be  d iv id e d  i n to  t h r e e  m ajo r c a t e g o r i e s :
1) g e n e t ic  o r i g i n ,  c u r r e n t ly  b e l ie v e d  to  be due to  one o r
I I  f t
more a u to so m a l r e c e s s iv e  g en es  (B rook , S ch u t and R eed, 1953; 
D a v ie s  and K irm an, 1962; Komai, K is im o to  and O zak i, 1955; 
M cKusic, S t a u f f e r ,  Knox and C la rk , 1 9 6 6 ); 2) i n t r a - u t e r i n e  
i n j u r y  o r d i s e a s e ,  i . e . ,  h y p o x ia , r a d i a t i o n ,  r u b e l l a ,  d r u g s , 
e t c .  (B randon , Kirm an and W illia m s , 1959; F arm er, 1964; 
Plummer, 1 9 5 2 ); and 3) p e r i n a t a l  o r  p o s t n a ta l  d i s o r d e r s ,  
e . g . ,  cy tom egalo  v i r u s  (F arm er, 1 9 6 4 ).
The h i s t o - p a t h o l o g ic  d e s c r i p t i o n  o f  m ic ro c e p h a ly  
v a r i e s  a c c o rd in g  to  th e  e t i o l o g i c  a g e n ts  (F arm er, 1 9 6 4 );
1
2how ever, th e  p ro to ty p e  d e s c r i p t io n  o f  Sachs (1887) has been  
r e l i e d  upon h e a v i ly  to  t h i s  day (Fcirm er, 1964; Zeman, 1 9 6 8 ).
A lth o u g h  known f o r  th e  l a s t  few  d ecad es  t h a t  io n iz in g  
r a d i a t i o n  and n i t r o s o u r e a  compounds p roduce  m ic ro cep h a ly  in  
e x p e r im e n ta l  a n im a ls , o n ly  w ith  th e  d is c o v e ry  o f  m e th y l-  
a z o x y lm e th an o l (MAM), th e  ag ly co n e  o f  c y c a s in  (K obayashi 
and M atsum oto, 1 9 6 5 ), c o u ld  t h i s  c o n d i t io n  be produced 
u n ifo rm ly  among l i t t e r  m ates (S p a tz  and L aq u eu r, 1968).
S p a tz  and Laqueur (1968) and V alsam is and Laqueur 
(1969) d e m o n s tra te d  t h a t  Î1AM i n j e c t e d  i n t r a p e r i t o n e a l l y  (IP )  
i n to  fe m a le  r a t s ,  a t  15 d ay s a f t e r  c o n c e p tio n , c ro s se d  th e  
p l a c e n t a l  b a r r i e r ,  and p roduced  a h ig h ly  u n ifo rm  m ic ro ce p h a ly  
i n  a l l  o f  th e  o f f s p r i n g .  T hese m ic ro c e p h a l ic  an im als l iv e d  
to  an o ld  age and d id  n o t  d i s p la y  o th e r  m a lfo rm a tio n s . 
F e r t i l i t y  o f  b r o t h e r - s i s t e r  m a tin g s  o f m ic ro c e p h a lic  r a t s  
was n o t  im p a ire d , and t h e i r  o f f s p r in g  w ere i n d i s t i n g u i s h a b le  
from  c o n t r o l  a n im a ls . I n  14 month o ld  m ic ro c e p h a lic  r a t s  
th e  r e d u c t io n  o f  b r a in  w e ig h t, a p p ro x im a te ly  30%, was 
e s s e n t i a l l y  due to  d im in u tio n  o f  b o th  c e r e b r a l  h em isp h eres  
r e s u l t i n g  in  b ro a d  ex p o su re  o f  th e  c o rp o ra  q u a d rig e m in a .
The aim  o f  t h i s  r e s e a r c h  was t o  1) d e f in e  some o f 
th e  f a c t o r s  o f  MAM in d u ced  m ic ro c e p h a ly  u s in g  a n a to m ic a l 
( p h y s ic a l ,  r a d i o l o g i c a l ,  h i s t o l o g i c a l  and c y to lo g ic a l )  and 
b io c h e m ic a l (c h ro m a to g ra p h ic  and s p e c tro p h o to m e tr ic )  m ethods,
2) com pare MAM in d u ced  m ic ro c e p h a ly  w ith  some o f  th o se  
p r e v io u s ly  r e p o r t e d  m ic ro c e p h a lie s  in d u c e d  by o th e r
3e x p e rim e n ta l m eans, and 3) p ro p o se  a mechanism o f a c t io n  to  
accoun t f o r  th e  v a r io u s  s t r u c t u r a l  and b io c h e m ic a l f in d in g s  
in  MAM in d u ce d  m ic ro c e p h a ly .
CHAPTER I I  
MATERIALS AND METHODS
Care and M ating o f  A nim als 
The K ing-H oltzm an h y b rid  s t r a i n  o f  r a t s  o b ta in e d  from  
th e  S tan ley -G um breck  Colony ( In tro g e n e  F o u n d a tio n ) w ere u sed  
in  t h i s  s tu d y .  The an im als w ere r o u t in e ly  fe d  P u r in a  r a t  chow 
and w a te r  l i b , and re c e iv e d  s ta n d a rd  an im al ho u se  c a r e .
Timed m atin g s were u sed  to  d e te rm in e  g e s t a t i o n a l  age 
o f th e  sp e c im en s . The e s t r u s  c y c le  was d e te rm in e d  i n  h e a l th y  
fem a le  r a t s  by d a i l y  ex am in a tio n  o f  v a g in a l  sm ears (Long and 
E vans, 1 9 2 0 ), Fem ales in  l a t e  p r o e s t r u s  and e a r l y  e s t r u s  w ere 
p la c e d  w ith  m ales in  th e  ev en in g  and exam ined th e  n e x t  m orning 
f o r  th e  p re s e n c e  o f  sperm in  th e  v a g in a l  c a n a l .  I f  sperm  were 
p r e s e n t ,  th e  an im al was assumed to  have c o n ce iv e d  and th e  age 
o f th e  embryo was c a lc u la t e d  from  t h i s  t im e . No a tte m p t was 
made to  d e te rm in e  e i t h e r  th e  e x a c t  tim e  o f  c o p u la t io n  o r  th e  
e x a c t  tim e  o f  f e r t i l i z a t i o n .  A t o t a l  o f 84 a n im a ls , 56 
e x p e r im e n ta l  and 28 c o n t r o l s ,  w ere u sed  f o r  t h i s  s tu d y .
I n j e c t i o n  o f  th e  P re g n a n t Fem ale 
and C are o f  th e  O f fs p r in g  
The p re g n a n t fem ale  was w eighed and g iv e n  a s in g l e
4
5IP  i n j e c t i o n  o f  KAM -acetate (20 mg/kg) on th e  f i f t e e n t h  day 
o f  g e s t a t i o n .  The pups w ere a llo w ed  to  rem a in  w ith  th e  
m other u n t i l  k i l l e d .  The l i t t e r  s i z e  was k e p t  a t  e ig h t  pups 
o r  l e s s .  Com parable s a l i n e  i n j e c t e d  l i t t e r s  w ere u se d  fo r  
c o n tr o l  a n im a ls .
Removal and F ix a t io n  o f  th e  B ra in s  and S k u l l s  
When th e  an im al re a c h e d  th e  d e s i r e d  age i t  was 
w eighed and th e n  k i l l e d  by d e c a p i t a t i o n .  In  one  g ro u p  o f 
an im als th e  b r a in  was im m ed ia te ly  rem oved, w eighed  and 
e i t h e r  f r o z e n  o r  immersed in  10% n e u t r a l  b u f f e r e d  fo rm a lin  
(NBF). In  a second  s e r i e s ,  th e  rem oved head  was h em i- 
s e c t io n e d  to  e n a b le  l a t e r  h i s t o l o g i c a l  s tu d y  o f  th e  s k u l l  
s u t u r e s . In  th e s e  i n s t a n c e s ,  th e  b r a in  was rem oved from  
each  h e m is e c t io n , w eighed and f ix e d  i n  NBF a lo n g  w ith  th e  
re m a in in g  h a rd  t i s s u e .  In  a l l  c a se s  th e  o b ta in e d  b r a in  
w e ig h ts  w ere com pared to  p r e d ic te d  b r a in  w e ig h ts  and th e  
r e l a t i v e  p e rc e n ta g e  r e c o rd e d . The p r e d ic te d  b r a i n  w e ig h ts  
w ere com puted from  th e  body w e ig h ts  a c c o rd in g  to  th e  fo rm u la  
o f  D onaldson (1909) as m o d ified  on Page 10.
R a d io lo g ic  S tu d ie s  
A t sev en  day  i n t e r v a l s  from  b i r t h  th ro u g h  56 d a y s , 
and a g a in  a t  n in e  m onths, two e x p e r im e n ta l  and two c o n tr o l  
a n im a ls , random ly  s e l e c te d ,  w ere w eighed and x - r a y e d .  The 
an im als  w ere a n e s th e t iz e d  w ith  e th e r  and p la c e d  d i r e c t l y  on 
th e  f i lm  c a s s e t t e .  A s ta n d a rd  d e n ta l  x - r a y  m achine ( R i t t e r )
6was em ployed w ith  th e  cone s i x  in c h e s  from  th e  p l a t e  w ith  th e  
ex p o su re  s e t  a t  63 KV f o r  0 .8  se c o n d s . Both p o s t e r o a n t e r i o r  
and l a t e r a l  s k u l l  f i lm s  were th u s  o b ta in e d .  Both s e r i a l  and 
lo n g i tu d in a l  s t u d i e s  w ere p e rfo rm e d . A l l  an im als w ere th e n  
w eighed , k i l l e d  and p ro c e ss e d  a c c o rd in g  to  th e  p r e s c r ib e d  
m ethod.
M easurem ents on th e  l a t e r a l  f i lm s  w ere done a c c o rd ­
in g  to  Spence (1 9 6 9 ), w ith  th e  fo l lo w in g  m easurem ents 
r e c o rd e d :  th e  o c c i p i t a l - n a s a l  le n g th  (ON), th e  crow n-
m a x i l la ry  h e ig h t  (CM), th e  c ro w n -m e sia l cusp  of f i r s t  m o la r 
h e ig h t  (CD), and th e  o c c i p i t a l - m e s i a l  c u sp  o f f i r s t  m olar 
le n g th  (CD), On th e  p o s t e r o a n te r io r  f i lm s  th e  m axim al w id th  
o f  th e  p a r i e t a l  bones (MPW) was r e c o rd e d  (F ig , 1 ) ,
H i s to lo g ic a l  and C y to lo g ic a l  S tu d ie s  
F o rm a lin  f ix e d  b r a in s  w ere p re p a re d  in  th e  conven­
t i o n a l  manner f o r  p a r a f f in  em bedding . The m a te r ia l  was 
s e c t io n e d  a t  11 }x and m ounted from  a w a te r  b a th  to  a lb u m in ­
iz e d  s l i d e s .  The t i s s u e s  w ere s t a in e d  u s in g  H em atoxylin  
and E o s in  (H & E) as w e ll  a s  P e r io d ic  A cid  S c h if f  (PAS) 
(D av en p o rt, 1 9 6 0 ), C re sy l V io le t  A c e ta te  (CVA), W eil (C la rk  
and C la rk , 1 9 7 1 ), Luxol F a s t  B lue (LFB) and H o l t z e r 's  
F ib ro u s  G l i a l  s t a i n  (D rury  and W e llin g to n , 1967),
S u tu re s  from  s k u l l s  w ere rem oved a lo n g  w ith  th e  
im m ediate  su rro u n d in g  bone . A f te r  h a rd  t i s s u e  t r e a tm e n t  w i th  
C al-E x  ( F i s h e r ) ,  th e y  w ere p ro c e s s e d  f o r  r o u t in e  p a r a f f i n  
s e c t i o n s .  T hese p a r a f f i n  s e c t io n e d  t i s s u e s  (10 )i) w ere
7s t a i n e d  w ith  H & E and w ith  Azure A a c c o rd in g  to  th e  method 
o f  Kramer and Windrum (1 9 5 5 ). A ll  p h o to m ic ro g ra p h s  were 
ta k e n  on an Olympus KH su p e r  w ide m ic ro sco p e  w ith  th e  PM-10 
35 mm cam era .
P o r t io n s  o f  t i s s u e  from th e  body o f  th e  co rp u s  
c a llo su m  w ere rem oved from  one e x p e r im e n ta l  and one c o n tr o l  
b r a i n  u n d e r th e  d i s s e c t i n g  m ic ro scope  and p re p a re d  fo r  
e l e c t r o n  m ic ro s c o p ic  (EM) e x a m in a tio n . T hese s e c t io n s  w ere 
exam ined and p h o to g rap h e d  u s in g  an RCA m odel I I I  e le c t r o n  
m ic ro sc o p e .
B io ch em ica l A n a ly se s  
W ater and L ip id  D e te rm in a t io n s  
A s e r i e s  o f  c o n t r o l  and e x p e r im e n ta l  b r a i n s ,  which 
had  p r e v io u s ly  b een  f r o z e n ,  were h e m is e c tio n e d  a lo n g  th e  
m id s a g g i ta l  p la n e .  Each h e m is e c tio n  was p la c e d  above 
D r i r i t e  i n  a d e s s i c a t o r  a t  56®C. T hese h e m is e c t io n s  were 
w eighed  tw ic e  d a i l y  u n t i l  a c o n s ta n t  w e ig h t was o b ta in e d .
F o r o th e r  a n a ly s e s  each  p o r t io n  o f  b r a in  was th en  
e x t r a c t e d  w ith  2 :1  c h lo ro fo rm -m e th a n o l (Cl-M e) i n  a V ir T is s  
t i s s u e  h o m o g en ize r. The Cl-Me m ix tu re  was s u b s e q u e n tly  
d i l u t e d  to  20 :1  (v o lu m e -w e ig h t) . The hom ogenate was f i l ­
t e r e d  th ro u g h  t a r e d  f a t  f r e e  f i l t e r  p a p e r and th e  in s o lu b le  
t i s s u e  was a g a in  p la c e d  i n to  c lo s e d  c o n ta in e r s  above D r i r i t e  
a t  5G°C u n t i l  th e y  re a c h e d  a c o n s ta n t  w e ig h t.
T h in  L ay er C hrom atography 
One co m p le te  l i p i d  e x t r a c te d  h e m is e c t io n  (cereb rum
8and b r a in  stem ) was e v a p o ra te d  to  a p p ro x im a te ly  one 
m i l l i l i t e r .  P o r t io n s  o f  t h i s  m i l l i l i t e r  o f  l i p i d  e x t r a c t  
w ere th e n  s e p a r a te d  by t h i n  la y e r  chrom atography  a c c o rd in g  
to  Freem an and West (1 9 6 6 ) , The s p o ts  w ere v i s u a l i z e d  
u s in g  io d in e  v ap o r and p h o to g ra p h e d . Drawings w ere made 
from  th e  p h o to g rap h ed  p l a t e s ,
S p e c tro p h o to m e tr ic  A n a ly s is
The tu b e  c o n ta in in g  th e  l i p i d  e x t r a c t  o f  th e  second  
h e m is e c t io n , c o n ta in e d  0 ,0 5  gm l i p i d  t i s s u e  in  one m i l l i ­
l i t e r  o f  e x t r a c t .  One t e n th  o f a m i l l i l i t e r  o f  e x t r a c t  was 
th e n  rem oved and t o t a l  c h o le s t e r o l  was d e te rm in ed  by th e  
m o d ifie d  Z la tk i s  method (F ra n k e l , Rectman and S o n n ew irth , 
1 9 6 3 ),
The rem a in in g  p o r t io n  of th e  tu b e  o f  e x t r a c t e d  t o t a l  
l i p i d  was th e n  p a r t i t i o n e d  u s in g  a 0 .2  volume o f 0,9% N aCl, 
h e n c e , F o lc h  c o n d i t io n s  w ere e s t a b l i s h e d  (F o lch , Lees and 
S ta n le y ,  1 9 5 6 ), A f te r  c e n t r i f u g a t i o n ,  upper and low er 
p h a se s  w ere s e p a r a te d .  The upper p h ases  were d is c a rd e d  and 
th e  low er p h ase  was d i l u t e d  by 1 0 :1  (V:V) w ith  p re p a re d  
low er p h a se , C e re b ro s id e s  were d e te rm in e d  in  th e  fo l lo w in g  
manner b a se d  on th e  m icrom ethod o f  Hess and Lewin (1 9 6 5 ), 
Only r e l a t i v e  s p e c tro p h o to m e tr ic  a b s o rb t io n  o f  c e r e b r o s id e s  
was d e te rm in e d , so , s ta n d a rd  g a la c to s e  s o lu t io n  was n o t  
r e q u i r e d .  The o r c i n o l - s u l f u r i c  a c id  r e a g e n t  was p re p a re d  
a c c o rd in g  to  Hess and Lewin (1965) j u s t  b e fo re  u s e .  Two 
m i l l i l i t e r s  o f  low er p h a se  e x t r a c t  w ere p la c e d  i n  a c le a n
9t e s t  tu b e  i n t o  w hich 5 m i l l i l i t e r s  o f  o r c i n o l - s u l f u r i c  a c id  
r e a g e n t  was a d d ed . The s o lu t io n s  w ere m ixed w e ll  amd 
sam ples and b la n k s  (two m i l l i l i t e r s  low er phase  and f i v e  
m i l l i l i t e r s  o r c i n o l - s u l f u r i c  a c id )  w ere h e a te d  to g e th e r  in  
a b o i l i n g  w a te r  b a th .  A f te r  e x a c t ly  25 m in u te s  th e  r e a c t i o n  
was s to p p e d  by  t r a n s f e r i n g  to  an ic e - w a te r  b a th .  The sam ple 
was th e n  c e n t r i f u g e d  a t  2 ,400  rpm f o r  th r e e  m in u te s . The 
s u p e r n a ta n t  was poured  in to  m atched c u v e t te s  and re a d  in  a 
Beckman J r .  S p e c tro p h o to m e te r  a t  425 p, w ith  th e  b la n k  s e t  
a t  100% t r a n s m is s io n .  The b io c h e m ic a l p ro c e d u re s  a re  
sum m arized i n  F ig u re  2 .
CHAPTER III
RESULTS
Body and B ra in  W eight S tu d ie s  
The body w e ig h ts  o f  th e  e x p e r im e n ta l a n im a ls  w ere 74% 
o f  th e  c o n t r o l  a n im a ls  (2 -3  gms) a t  sev en  days o f  a g e . T h is  
d i f f e r e n c e  d e c l in e d  to  65% o f c o n tr o l  v a lu e s  a t  28 d a y s . 
A f te r  28 days th e  d i f f e r e n c e  in  body w e ig h ts  became p ro ­
g r e s s iv e ly  l e s s  u n t i l  a p p ro x im a te ly  60 days when b o th  s e t s  
o f  an im als  had  th e  same a v e ra g e  body w e ig h ts  (F ig ,  3 ) .
The b r a i n  w e ig h ts ,  w hich  cure a f u n c t io n  o f  body 
w e ig h ts , may be p r e d ic te d  u s in g  th e  fo rm u la  o f  D onaldson  
(1 9 0 9 ). D o n a ld so n 's  fo rm u la
B ra in  w e ig h t = 0 .567  lo g  (Body w e ig h t -  8 .7 )  + 0 .5 5  
(Body w e ig h t > 15 gms) 
was c o n s i s t e n t l y  10% h ig h  f o r  o u r c o n tr o l  a n im a ls . T h e re ­
f o r e ,  th e  fo rm u la  was m o d if ie d  a s  fo l lo w s :
B ra in  w e ig h t = 0 ,9  Q).567 lo g  (Body w e ig h t -  8 ,7 )  + 0 , 5 d  
U sing th e  m o d if ie d  fo rm u la , th e  o b se rv ed  b r a in  w e ig h t e q u a ls  
th e  p r e d ic te d  b r a in  w eig h t f o r  any c o n t r o l  an im al whose body 
w e ig h t i s  15 gram s o r  g r e a t e r .
A t f o u r te e n  days th e  b r a in  w e ig h t o f  th e  e x p e r im e n ta l
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an im als  was 93% o f  th e  v a lu e  p r e d ic te d  u s in g  th e  m o d ified  
fo rm u la . T h is d i f f e r e n c e  (o b s e rv e d - p r e d ic te d )  d e c re a s e s  to  
a p p ro x im a te ly  86% and rem ain ed  a t  t h a t  l e v e l  th ro u g h  56 
d ay s ( F ig s .  4 and 5 ) .
R a d io lo g ic a l  S tu d ie s  
The r a d io lo g ic a l  d a ta  o b ta in e d  p a r a l l e l e d  t h a t  o f  th e  
p h y s ic a l  f i n d in g s .  The a v e ra g e  OD le n g th  a t  sev en  days o f 
age was 81% o f  t h a t  o f th e  c o n t r o l .  S im i la r ly  th e  CD and 
MPW m easurem ents w ere 70% and 85% r e s p e c t i v e l y  o f  th e  con­
t r o l  v a lu e s .  By 35 days th e  OD le n g th  was 93% o f  th e  con­
t r o l  v a lu e ;  th e  CD and MPW m easurem ents were 94% and 90% 
r e s p e c t iv e ly .  A t n in e  m onths o f  age th e  OD and CD le n g th s  
w ere e q u a l to  o r  g r e a t e r  th a n  t h a t  o f  th e  c o n t r o l s .  However, 
th e  MPW m easurem ent n e v e r r o s e  beyond 96% o f  th e  c o n tr o l  
v a lu e .  The s k u l l  m easurem ents a re  shown in  T ab le  1.
H is to lo g ic a l  and C y to lo g ic a l  S tu d ie s  
The most s t r i k i n g  d i f f e r e n c e  betw een  th e  c o n tr o l  and 
e x p e r im e n ta l b r a in s  was th e  g e n e r a l i z e d  im m ature ap p ea ran ce  
o f  th e  e x p e r im e n ta l  b r a i n s ,  r e g a r d l e s s  o f t h e i r  p o s tn a ta l  
a g e . T h is  im m a tu r ity  was r e f l e c t e d  in  a s s o r te d  an a to m ic a l 
c o n f ig u r a t io n s .  T here was a r e l a t i v e  and a b s o lu te  d e c re a s e  
i n  th e  o u te r  m o le c u la r  l a y e r  o f  th e  c e r e b r a l  c o r te x .  T h is 
d e c re a s e  in  th e  d e p th  o f  th e  m o le c u la r  la y e r  was accom panied 
by a r e l a t i v e  d i s o r g a n iz a t io n  i n  th e  u n d e r ly in g  c e l l  l a y e r s  
( F ig s ,  6 and 7 ) , O ther d i s t i n c t  m o rp h o lo g ic a l a b n o rm a li t ie s
TABLE 1
RADIOLOGIC CEPHALOMETRIC MEASUREMENTS
Age ON OD CD CM MPW
C E C E C E C E C E
7 2 4 .0 1 9 .0 1 6 .5 1 3 .5 8 .5 5 .0 1 5 .5 7 .0 1 4 .0 1 2 .0
14 2 7 .5 2 6 .0 1 9 .0 1 7 .5 9 .0 8 .0 1 5 .5 1 4 .0 1 4 .0 1 3 .0
21 3 1 .0 2 9 .0 2 0 .5 2 0 .5 9 .0 8 .0 1 5 .5 1 4 .5 1 4 .5 1 3 .5
28 3 3 .0 3 1 .0 2 2 .0 2 1 .0 9 .5 9 .0 1 5 .5 1 5 .5 1 5 .0 1 4 .0
35 3 6 .5 3 3 .0 2 3 .5 2 2 .0 9 .5 9 .0 1 7 .5 1 6 .0 1 5 .0 1 4 .5
42 3 6 .5 3 5 .5 2 4 .5 2 3 .5 1 0 .0 9 .0 1 7 .5 1 7 .5 1 6 .0 1 5 .5
49 3 7 .0 3 6 .5 2 5 .0 2 4 .5 1 0 .0 9 .5 1 8 .0 1 8 .0 1 6 .0 15 .5
56 3 7 .5 - 2 5 .0 - 1 0 .5 - 1 8 .5 - 1 6 .5 —
A d u lt 4 5 .0 4 7 .0 2 8 .0 2 9 .5 1 1 .5 1 1 .5 2 1 .5 2 2 .5 1 7 .0 1 5 .5
N)
C -  C o n tro l  (IB  a n im a ls )
E -  E x p e r im e n ta l  (18 a n im a ls )
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w ere se e n . T here  was marked clum ping o f  n e u ro n s . T his 
clum ping was an abnorm al " d is o rg a n iz e d "  h i s t o l o g i c a l  
p a t t e r n  ( F ig .  8 ) .  In  th e  hippocam pus th e r e  was a s im i la r  
d e g re e  o f d i s o r g a n iz a t io n  and th e  o v e r a l l  n e u ro n a l popu la­
t i o n  was re d u c e d  (F ig s .  9 and 1 0 ) .
In  a d d i t io n  to  th e  p r e v io u s ly  d e s c r ib e d  c e r e b r a l  
c o r t i c a l  c h a n g e s , one s t r i k i n g  h i s t o l o g i c a l  phenomenon was 
i d e n t i f i e d ,  how ever, n o t c o n s i s t e n t l y .  " R o s e t te s "  s c a t t e r e d  
th ro u g h o u t th e  c o r te x  were found  in  two e x p e r im e n ta l  b ra in s  
and a re  h i s t o l o g i c a l l y  s i m i l a r  to  th o s e  d e s c r ib e d  by H icks, 
e t .  a l . ,  i n  1959 (F ig .  1 1 ) .
In  m ost a s p e c ts  th e  c e re b e llu m  a p p ea re d  to  be d i f f e r ­
e n t i a t i n g  n o rm a lly . The d is a p p e a ra n c e  o f  th e  e x te r n a l  
g r a n u la r  l a y e r  o c c u rre d  betw een th e  f o u r t e e n th  and th e  
t w e n t y - f i r s t  day p o s tn a ta l l y  (F ig .  1 2 ) . However, a d e f i n i t e  
c e r e b e l l a r  a b n o rm a li ty  was e v id e n t  in  o ld e r  a n im a ls . I t  
ap peared  t h a t  B ergm an's a s t r o c y t i c  l a y e r  was s e v e r e ly  
d e p le te d  o r  c o m p le te ly  a b s e n t .  F u r th e rm o re , th e  P u rk in je  
c e l l s  in  th e  e x p e r im e n ta l b r a in s  a p p ea re d  s m a l le r ,  s l i g h t l y  
d is o r g a n iz e d ,  more h y p e rc h ro m a tic , and more im m ature than  
c o n t r o l s  o f  th e  same age ( F ig s .  13 and 1 4 ) .
In  summary, th e r e  w as: 1) d i s o r g a n iz a t io n  and neu­
r o n a l  c lum ping  in  th e  c e r e b r a l  c o r te x ,  2) re d u c e d  numbers o f  
neu ro n s in  th e  c e r e b r a l  c o r te x ,  3) " r o s e t t e s "  in  th e  c e r e b r a l  
c o r te x ,  4) m o rp h o lo g ic a l changes in  th e  c e re b e llu m , and 5) a 
g e n e r a l iz e d  im m atu re -lo o k in g  h i s t o l o g i c a l  p a t t e r n .
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The p re lim incu ry  e l e c t r o n  m ic ro sc o p ic  s tu d y ,  a l th o u g h  
l i m i t e d ,  h a s  y i e l d e d  some i n t e r e s t i n g  d a t a .  E l e c t r o n  m ic ro ­
g rap h s  show l a r g e  amounts o f  a r t i f a c t ; ; a l  s h r in k a g e ;  how ever, 
t h i s  was to  be e x p e c te d  u s in g  n o n -p e r fu s e d ,  f o rm a l in  m a te r ­
i a l .  The e x p e r im e n ta l  p l a t e s  show c o n s id e r a b ly  few er 
numbers o f  m y e l in a te d  axons (F ig s .  15 and 1 6 ) .  In  a d d i t i o n .  
Type C m y elin  s h e a th s  (H irano  and D em bitzer, 1967), w i th  
i s l a n d s  o f  c y to p la sm  sandw iched  between th e  m yelin  l a m e l l a e ,  
were e v id e n t  i n  t h e  e x p e r im e n ta l  s e c t i o n s  b u t  n o t  i n  th e  
c o n t r o l  s e c t i o n s  ( F i g .  1 7 ) .  One a d d i t i o n a l  m yelin  p a t t e r n  
o f  unknown s i g n i f i c a n c e  was n o ted  o n ly  i n  th e  e x p e r im e n ta l  
m a t e r i a l .  T h is  c o n f i g u r a t i o n  i s  se en  as th e  s u r ro u n d in g  
o f  two a x i s  c y l i n d e r s  by w hat ap p ea rs  to  be a s i n g l e  s e t  
o f  m y e lin  l a m e l l a e  i n  a f i g u r e - e i g h t  a rrangem en t ( F i g s .  18 
and 1 8 ) .  Whether t h i s  a l t e r a t i o n  was a r t i f a c t  o r  in d u ce d  
s t r u c t u r a l  change n e e d s  f u r t h e r  i n v e s t i g a t i o n .
H i s t o l o g i c a l  e x a m in a t io n  of th e  s a g g i t a l  and 
lam bd o id a l  s u t u r e s  o f  th e  c r a n i a l  v a u l t  shows no e v id e n c e  
o f  p rem a tu re  c l o s u r e .  The h i s t o l o g i c a l  f i n d i n g s  con firm ed  
th e  r a d i o l o g i c a l  im p re s s io n  t h a t  p rem atu re  c r a n i o s y n o s t o s i s  
d id  n o t  e x i s t .
B io ch em ica l  A nalyses
W ater d e te r m in a t io n s  on e x p e r im e n ta l  and c o n t r o l  
b r a i n s  showed some s l i g h t  d i f f e r e n c e s .  The w a te r  p e rc e n ta g e  
wet w e ig h t  d e c r e a s e d  c o n t in u o u s ly  from 7 to  59 days i n  b o th  
e x p e r im e n ta l  and c o n t r o l  a n im a ls .  However, t h e  p e rc e n ta g e
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o f  w a te r  was g r e a t e r  i n  e x p e r im e n ta l  an im als  th a n  in  c o n t r o l  
an im als  by 4-8% r e g a r d l e s s  o f  age . The p e rc e n ta g e  d i f f e r ­
ence  i n  th e  w a te r  v a lu e s  i n c r e a s e d  be tw een  21 and 42 d a y s ,  
and by 57 days t h i s  p e rc e n ta g e  d e c r e a s e d  to  p re v io u s  l e v e l s .  
The v a lu e s  a r e  summarized i n  T ab le  2 ,
T o ta l  l i p i d  p e rc e n ta g e  o f  d r y  w e ig h t ,  showed a  s t e a d y  
r i s e  as e x p e c te d  from  7-56 d a y s .  A ga in , however, t h e  
e x p e r im e n ta l  a n im a ls  showed a " t im e  l a g "  b e h in d  th e  c o n t r o l  
a n im a ls .  The p e r c e n t  of l i p i d  i n  t h e  e x p e r im e n ta l  b r a i n  
u l t i m a t e l y  r o s e  to  w i th in  2% o f  t h e  c o n t r o l  v a lu e s  a t  57 
d a y s .  The v a lu e s  a r e  summarized i n  T ab le  2.
T h in  Layer C hrom atography 
E x p e r im e n ta l  b r a in  e x t r a c t ,  c o n t r o l  b r a i n  e x t r a c t ,  
and c o n t r o l  l i p i d s  were ch ro m a to g rap h ed . V a rio u s  q u a n t i t i e s  
r a n g in g  from 50 ^ 1  t o  250 ; i l  o f  c o n c e n t r a t e d  l i p i d  were u s e d .  
The r e s u l t s  o f  each  ru n  a p p ea red  q u a l i t a t i v e l y  i d e n t i c a l .  
Rough q u a n t i t a t i v e  m easurements (d ia m e te r  o f  t h e  v i s u a l i z e d  
s p o t s )  y i e l d e d  d a t a  s u g g e s t iv e  o f  no g r o s s  l i p i d  d i s t u r b a n c e s  
( F ig .  2 0 ) .  The in f e r e n c e  h e r e  was t h a t  even though  t h e r e  
was l e s s  l i p i d  i n  t h e  e x p e r im e n ta l  b r a i n ,  th e  l i p i d  com­
p o s i t i o n  was n o rm al.
S p e c t ro p h o to m e tr ic  Methods 
C h o le s te r o l  and c e r e b r o s id e  d e te r m in a t io n s  betw een  
e x p e r im e n ta l  and c o n t r o l  an im a ls  w ere  n e a r l y  i d e n t i c a l  a t  
a l l  p o s t n a t a l  a g e s .  The v a lu e s  f o r  c h o l e s t e r o l  n e v e r  v a r i e d
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TABLE 2
WATER AND LIPID DETERMINATIONS
Number of 
Animals
Age i n % o f  W ater 
(Wet W eight)
% o f  L ip id  
(Dry W eight)
C E C E
4 7 89% 89% 28% 27%
4 14 84% 88% 30% 27%
4 21 80% 86% 31% 28%
2 32 - 86% - 30%
2 35 78% - 31% -
4 42 77% 84% 33% 31%
4 56 76% 80% 35% 33%
C -  C o n tro l  
E -  E x p e r im e n ta l
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f u r t h e r  th a n  2 -4  mg%. In  v iew  o f  t h e  e x p e r im e n ta l  method 
t h i s  sm a l l  d i f f e r e n c e  can n o t  be c o n s id e r e d  s i g n i f i c a n t .  
S i m i l a r l y  th e  a b s o r b t io n  s p e c t r a  f o r  c e r e b r o s id e  d e te r m in a ­
t i o n s  were a lm o s t  i d e n t i c a l  and , t h e r e f o r e ,  c a n n o t  be 
c o n s id e r e d  s i g n i f i c a n t .
CHAPTER IV
DISCUSSION
T r a n s p l a c e n t a l l y  in d u ced  u n ifo rm  m ic ro c e p h a ly  i n  th e  
r a t ,  u s in g  a s i n g l e  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  MAM, has 
been d e m o n s tra te d  by a number o f  a u th o r s  (S p a tz  and L aqueur, 
1968; V alsam is  and L aqueu r ,  1969; and Haddad, Rabe and Dumas, 
19 7 2 ) .  T r a n s p l a c e n ta l  m ic ro ce p h a ly  h as  a l s o  been  demon­
s t r a t e d  w i th  MAM i n  o t h e r  s p e c i e s  o f  a n im a ls  (Haddad, Rabe 
and Dumas, 1 9 7 2 ) .  A v a r i e t y  o f  o t h e r  a g e n t s ,  i n c lu d in g  
i o n i z i n g  r a d i a t i o n ,  m ethy l n i t r o s o u r e a ,  h y p o x ia ,  r u b e l l a  and 
e t h y l  n i t r o s o u r e a ,  have  a l s o  been  shown to  be e t i o l o g i c  
a g e n ts  o f  m ic ro c e p h a ly  (Brandon, Kirman and W il l ia m s ,  1959; 
Farm er, 1964; P lum ber, 1952; Haddad, Rabe and Dumas, 1972). 
Among e t i o l o g i c  a g e n ts  o f  m ic ro c e p h a ly  i t  h a s  been c la im ed  
t h a t  MAM produ ced  m ic ro c e p h a ly ,  a l th o u g h  n o t  q u a l i t a t i v e l y  
un ique  ( s i m i l a r  b r a i n  a b e r r a t i o n s  have  b een  p ro d u ced  u s in g  
a wide v a r i e t y  o f  e t i o l o g i c  a g e n t s ) ,  seemed to  be q u a n t i t a ­
t i v e l y  q u i t e  s p e c i f i c  i n  t h a t  i t  d id  n o t  p ro d u ce  a g e n e r a l i z e d  
i n h i b i t i o n  o f  body grow th  (Haddad, Rabe and Dumas, 1 972).
A lthough  t r a n s p l a c e n t a l  i n d u c t io n  o f  m ic ro c e p h a ly  
w i th  MAM produced  a u n ifo rm  l e s i o n ,  a c c o rd in g  to  t h i s  s tu d y
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p a r t  o f  t h e  o b se rv e d  d im in is h e d  b r a i n  w e ig h t  o s t e n s i b l y  was 
due t o  t h e  e a r l y  g e n e r a l i z e d  i n h i b i t i o n  o f  body g ro w th . As 
D onaldson (1908 , 1909, 1911) d i s c o v e r e d  over  60 y e a r s  ago, 
t h e  r e l a t i o n s h i p  o f  b r a i n  s i z e  to  body s i z e  was a lm o s t  
u n a l t e r a b l e  th ro u g h o u t  p o s t n a t a l  l i f e ,  b u t  t h a t  any e a r l y  
i n f lu e n c e  w hich  le a d  t o  a sm a ll  m ature  body a l s o  l e a d  t o  a 
s m a l l  m atu re  b r a i n .  I n  a d d i t i o n ,  th e  o p t im a l  t im e  f o r  p ro ­
d u c in g  l a s t i n g  e f f e c t s  on growing r a t s  was d u r in g  t h e  p e r io d  
o f  f a s t e s t  b r a i n  g ro w th .  The p e r io d  o f  f a s t e s t  b r a i n  grow th 
i n  th e  r a t  i s  d u r in g  t h e  s u c k l in g  p e r io d  (D avison and Dobbing, 
1 9 6 8 ) .  The MAM i n s u l t  to  th e  d e v e lo p in g  f e t u s  was, t h e r e f o r e ,  
n o t  a t  t h e  optimum t im e  f o r  l a s t i n g  b r a i n  g row th  r e t a r d a t i o n .  
However, due t o  th e  e a r l y  so m a tic  grow th r e t a r d a t i o n ,  th e  
MAM in d u ced  m ic ro c e p h a ly  was n o t  as s e v e re  as i t  f i r s t  
a p p e a re d .  I n  n u t r i t i o n  s t u d i e s  u n d e r n u t r i t i o n  o f  t h e  a d u l t  
o rgan ism  " s p a r e s "  t h e  a d u l t  b r a i n  (Dobbing, 1 9 6 8 ) .  In  
a d d i t i o n ,  e x p e r im e n ta l  u n d e r n u t r i t i o n  s t u d i e s  showed bo th  
body a n d /o r  b r a i n  s i z e  can be e f f e c t e d  to  a l e s s e r  o r  
g r e a t e r  e x t e n t  d e p en d in g  on th e  t im e  and s e v e r i t y  o f  th e  
i n s u l t .  F u r th e rm o re ,  i n  th e s e  same s t u d i e s  (Dobbing, 1968; 
Dobbing and S an ds , 1 9 7 1 ) ,  t h e  amount o f  whole body " c a t c h ­
up" a n d /o r  b r a i n  " c a tc h -u p  was a l s o  d ep en d en t  upon t h e  t im e 
and s e v e r i t y  o f  th e  i n s u l t .
I n  t h i s  e x p e r im e n t  whole body " c a tc h -u p "  was com plete  
by 60 days  o f  age b u t  t o t a l  b r a i n  " c a tc h -u p  was n e v e r  f u l l y  
e f f e c t e d .  T h is  d i s p a r i t y  between body and b r a i n  " c a tc h -u p "
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m ight be e x p la in e d  by th e  a c t i o n s  o f  th e  MAM i t s e l f .  MAM 
i s  s o lu b le  i n  aqueous s o l u t i o n s  and r e a c t i v e  by m e th y la t in g  
b a se s  o f r i b o n u c l e i c  a c id  (RNA) and d e o x y r ib o n u c e l ic  a c id  
(DNA) b o th  j j i  v i t r o  (Matsumoto and H iga , 1966) and iji  v iv o  
(Shank and Magee, 1 9 6 7 ) ,  I t  h a s  been  shown to  be a mutagen 
(Sm ith , 1966; Teas and Dyson, 1967), and a t e r a t o g e n  (S p a tz ,  
D ougherty  and Sm ith , 1967), and i t s  g e n e ra l  c a r c in o g e n ic  
p r o p e r t i e s  have  been e s t a b l i s h e d  (Laqueur and Matsumoto,
1966; L aqueur, McDaniel and M atsumoto, 1967), Due to  th e  
v a r i e d  e f f e c t s  o f  t h i s  v e ry  a c t i v e  b i o l o g i c a l  compound i t  
seems r e a s o n a b le  to  assume t h a t  MAM m ig h t m e th y la te  e i t h e r  
t h e  s t r u c t u r a l  a n d /o r  r e g u l a t o r  g en es  o f  a v a r i e t y  o f  
d e v e lo p in g  a n d /o r  m atu re  c e l l s  i n  t h e  r a t  c e n t r a l  n e rvous 
sys tem  (CNS) a t  th e  t im e  o f  i n j e c t i o n .  Assuming t h i s ,  th e  
e f f e c t s  on t h e  co d in g  p r o p e r t i e s  o f  th e  m ethy la ted  b a se s  
m igh t be e x p re s s e d  any tim e  d u r in g  th e  su bseq uen t d e v e lo p ­
ment o f  th e  CNS, F u r th e rm o re ,  th e  e f f e c t s  m ig h t be  e i t h e r  
m ild  ( e . g . ,  r e s u l t i n g  i n  a low ered  a c t i v i t y  f o r  any p a r t i c u ­
l a r  enzyme) o r  s e v e r e  ( i . e . ,  r e s u l t i n g  i n  a c e l l u l a r  d e a t h ) .  
T r a n s p l a c e n t a l  m é th y la t io n  o f  g u a n in e  i n  both DNA and RNA 
i n  f e t a l  b r a i n ,  does o c c u r  w i th  a s i n g l e  IP i n j e c t i o n  o f  
r a d i o a c t i v e l y  l a b e le d  MAM, However, t h e  p r o te in  r e a c t i o n  
p ro d u c ts  o f  t h e s e  m e th y la te d  n u c l e i c  a c id s  were n o t  d e t e r ­
mined (N agata  and M atsumoto, 1 9 6 9 ) ,  I t  i s  i n t e r e s t i n g  to  
n o te  t h a t  th e  cod ing  p r o p e r t i e s  o f  7 -m ethy lguan ine  have been 
s t u d i e d  and t h a t  due t o  t h e  s t e r i c  e f f e c t s  o f  t h e  7 -m ethy l
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g ro u p s ,  c o n t r a r y  t o  e a r l i e r  e x p e c t a t i o n s ,  t h e s e  po lym ers  do 
n o t  p e rm it  th e  i n c o r p o r a t i o n  of amino a c id s  whose codons 
c o n ta in  t h e  b a s e s  u r a c i l  and a d en in e  (W hilhelm and Ludlum, 
1 9 5 6 ) .
I f  one exam ines t h e  d a ta  produced  i n  t h i s  s t u d y ,  i n  
l i g h t  o f  th e  p r e v i o u s ly  d i s c u s s e d  p o s s i b l e  m u tag en ic  
m echanism s, b e a r i n g  in  mind th e  c o n ce p ts  o f  e x p e r im e n ta l  
em bryology and o u r  c u r r e n t  knowledge o f  c e n t r a l  ne rv o u s  
sy s tem  e m b r y o - h i s to g e n e s i s ,  a f o r e s e e a b l e  p a t t e r n  m a n i f e s t s  
i t s e l f .  S in c e  t h e  t im e  o f  Spemann, one o f  th e  m ajo r axioms 
o f  em bry ogen es is  h a s  been th e  c o n ce p t  b a sed  on th e  " se q u en ­
t i a l  d ev e lopm en t i n  t im e" o f  any p a r t i c u l a r  o rg an  o r  o rg an  
p a r t .  T ha t  i s  t o  s a y ,  i n  o rd e r  f o r  "B" to  d e v e lo p  i t  m ust 
fo l lo w  th e  dev e lo p m en t o f  "A". F u r th e rm o re ,  n o t  o n ly  m ust 
"B" fo l lo w  "A", i t  m ust do so w i th in  a s p e c i f i c  t im e  p e r i o d .  
I t  h as  a l s o  been  known f o r  th e  l a s t  few d e c a d e s  t h a t  c e l l s  
u n d e rg o in g  a c t i v e  d i f f e r e n t i a t i o n ,  m ig r a t i o n ,  a n d /o r  m i t o s i s  
a re  p a i r t i c u l a r l y  v u l n e r a b l e  to  n ox io u s  s u b s t a n c e s .  H ic k s ,
D'Amato, and Lowe (1959) showed t h a t  on n e o n a t a l  day  15 in  
t h e  r a t ,  th o s e  s t r u c t u r e s  m ost e f f e c t e d  by 200 r a d s  o f  
i r r a d i a t i o n  w ere  t h e  c e r e b r a l  c o r t e x  and t o  a  l e s s e r  e x t e n t ,  
t h e  r e t i n a .  In  t h i s  and o t h e r  s t u d i e s ,  (H ic k s ,  1954, 1958; 
H ic k s ,  e t .  a l . ,  1957) d e f e c t s  o f  t h e  s k u l l ,  v i s c e r a ,  b r a i n  
s tem  and s p i n a l  c o rd  cau se d  by i r r a d i a t i o n  w ere a l l  p roduced  
a t  t im e s  e a r l i e r  i n  n e o n a ta l  developm ent th a n  15 d a y s .
In  t h i s  s e r i e s  o f  e x p e r im e n ts  th e  MAM i n s u l t  was
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a d m in is te r e d  to  th e  embryos a t  15 d a y s .  The r e s u l t i n g  g ro s s  
ap p ea rance  o f  t h e  b r a i n  w i th  i t s  s m a l l  c e r e b r a l  hem isp h e res  
was a lm o st i n d i s t i n g u i s h a b l e  from b r a i n s  i r r a d i a t e d  on th e  
same d e v e lo p m e n ta l  d a y .  In  a d d i t i o n ,  th e  n e u ro n a l  d e c r e a s e  
se en  i n  t h i s  MAM s tu d y  was com parable  w i th  i r r a d i a t i o n  
s t u d i e s .  F u r th e rm o re ,  d i s o r g a n i z a t i o n  o f  t h e  h ippocam pal 
neurons as w e l l  as t h e  c e r e b r a l  " r o s e t t e "  f o r m a t io n  have 
t h e i r  s t r u c t u r a l  c o u n t e r p a r t s  i n  i r r a d i a t i o n  m ic ro c e p h a ly .
As s t a t e d  e a r l i e r ,  th e  r e t i n a  i s  s u s c e p t a b l e  to  i r r a d i a t i o n  
a t  n e o n a t a l  day 15 (H ick s ,  e t .  a l . ,  1959 ) .  Haddad, Rabe, 
L aq ueur, S p a tz  and V alsam is  showed i n  1969 t h a t  MAM admin­
i s t r a t i o n  a t  d e v e lo p m e n ta l  day 15, i n  f a c t ,  d id  c au se  r e t i n a l  
damage. T h e r e f o r e ,  one o f  th e  a c t i o n s  o f  MAM a p p e a rs  to  be 
on th o s e  c e l l s  fo rm in g  th e  an lag e  o f  th e  c e r e b r a l  c o r t e x  
and r e t i n a l  b l a s te m a .
In  t h i s  s tu d y  i t  was shown t h a t  MAM p ro d u c e s  an 
e a r l y  g e n e r a l i z e d  s o m a t ic  grow th r e t a r d a t i o n  and t h a t  
g e n e r a l i z e d  whole body "c a tc h -u p "  was e f f e c t e d  by 60 days 
(F ig .  3 ) .  I n  l i g h t  o f  th e  f a c t  t h a t  most s o m a t ic  components 
have p a s s e d  t h e i r  em bryon ic  " c r i t i c a l  p e r io d s "  by d e v e lo p ­
m en ta l day 15 , t h i s  was n o t  s u r p r i s i n g .  I n  l i g h t  o f  th e  
p ro p o sed  a c t i o n s  o f  MAM, th e  r a d i o l o g i c  d a t a  p r e s e n t e d  i n  
t h i s  s tu d y  was c o n s i s t e n t .  The n e u r o c r a n i a l  deve lo pm en t i n  
th e  r a t  p ro c e e d s  by two im p o r ta n t  p r o c e s s e s  d e s i g n a t e d  as 
t r a n s f o r m a t i v e  g row th  p r o c e s s e s  and t r a n s l a t i v e  g row th  
p r o c e s s e s .  T ra n s fo r m a t iv e  growth i s  d e f i n e d  as th e
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d e p o s i t i o n  and r e s o r b t i o n  o f  c a l v a r i a l  bones i n  r e s p o n s e  to  
p e r i o s t e a l  f u n c t i o n a l  m a t r i c i e s  ( i . e . ,  g e n e t i c a l l y  p r e ­
d e te r m in e d ) .  T r a n s l a t i v e  grow th  i s  t h a t  p r o c e s s  i n  which 
th e  s p a t i a l  r e l o c a t i o n  o f  c a l v a r i a l  bones i s  a  s e c o n d a ry  
r e s p o n s e  to  t h e  p r im a ry  v o lu m e t r ic  changes o f  t h e  n e u r a l  
mass (Moss, Meeham and S a l e n t i j n ,  1972; V i ln a n n ,  1972;
Young, 1 9 5 9 ) .  The f a c t  t h a t  MAM t r e a t e d  a n im a ls  shows no 
g r o s s  c r a n i a l  s k e l e t a l  a b n o rm a l i t i e s  a t  b i r t h  h a s  been  
e x p la in e d  p r e v i o u s l y  ( i n  e s se n c e  i t  was b e c a u se  t h e  t r a n s ­
f o r m a t iv e  g row th  p r o c e s s e s  were r e l a t i v e l y  u n e f f e c t e d ) .  
However, t h e  d a t a  as p r e s e n te d  i n  t h i s  s tu d y  i n d i c a t e d  
t h a t  a l th o u g h  t h e  l i n e a r  and v e r t i c a l  d im e n s io n s  o f  th e  
s k u l l  e v e n t u a l l y  e f f e c t e d  a "com plete  c a t c h - u p " ,  th e  maximal 
p a r i e t a l  w id th  n e v e r  a c h ie v e d  c o n t r o l  v a lu e s .  T h is  p a r i e t a l  
n a rro w in g  was a d i r e c t  r e s u l t  o f  th e  t r a n s l a t i v e  c r a n i a l  
grow th  p r o c e s s e s  i n  r e s p o n s e  to  th e  red u ced  c e r e b r a l  s i z e .
I n  r e g a r d  to  th e  b io c h e m ic a l  d a ta  p r e s e n t e d  i n  t h i s  
s tu d y  c o n c e rn in g  th e  e f f e c t s  o f  MAM on l i p i d  m e tab o lism  
and m y e l i n i z a t i o n ,  t h e  fo l lo w in g  g e n e r a l  c o n c e p ts  o f  m y e l in -  
i z a t i o n  i n  t h e  r a t  b r a i n  must f i r s t  be  ta k e n  i n t o  c o n s i d e r ­
a t i o n .  A c t iv e  m y e l i n i z a t i o n  i n  t h e  r a t  i s  a  p o s t n a t a l  e v e n t  
o c c u r in g  p r i m a r i l y  betw een  14-23 d a y s .  D uring  m y e l i n i z a t i o n  
th e  p e r c e n t  o f  w a te r  i n  th e  b r a i n  d e c r e a s e s  w h i le  t h e  p e r c e n t  
o f  l i p i d s  i n c r e a s e s .  D uring  m y e l in iz a t io n  t h e  p e r c e n t  o f  
c h o l e s t e r o l  a l s o  shows a  d e c re a s e  w h ile  c e r e b r o s id e  p e r c e n t ­
age i n c r e a s e s  (N orton  and P o d u s lo , 1973; D av ison  and Dobbing,
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1958; Dobbing, 1968; Dobbing and S ands, 1971; B enton , Moser, 
Dodge and C a r r ,  1966; Cuzner and D av iso n , 1968). Due to  
t h e  f a c t  t h a t  m y e l i n i z a t i o n  i s  p r i m a r i l y  a p o s t n a t a l  
phenomenon, any s u b s ta n c e  which would i n t e r f e r e  w i th  t h i s  
p ro c e s s  would be e x p e c te d  to  e x e r t  i t s  e f f e c t s  a t  t h i s  
t im e .  I f  MAM were to  a l t e r  e i t h e r  s t r u c t u r a l  a n d /o r  r e g u l a ­
t o r  genes a t  th e  t im e  o f  i t s  a d m i n i s t r a t i o n ,  th e  e f f e c t s  on 
m y e l i n i z a t i o n  p e r  se  m igh t be masked u n t i l  a p p ro x im a te ly  14 
days p o s t n a t a l l y .  The i n c r e a s e d  p e rc e n ta g e  o f  w a te r  and th e  
d e c re a s e d  p e rc e n ta g e  o f  l i p i d ,  which f i r s t  became n o t i c e a b l e  
a t  14 d a y s ,  seemed to  s u b s t a n t i a t e  t h i s  f a c t .  In  a d d i t i o n ,  
c lo s e  s c r u t i n y  o f  th e  o b s e r v e d - p r e d ic t e d  b r a i n  w e ig h t  cu rves  
( F ig .  4) a l s o  i n d i c a t e d  th e  g r e a t e s t  d i s p a r i t y  d u r in g  th e  
" p o s t - m y e l i n i z a t i o n  o n s e t"  p e r i o d .  P r e c i s e l y  why th e  
c e r e b r o s id e  and c h o l e s t e r o l  d e te r m in a t io n s  d id  n o t  s u b s t a n t i a t e  
t h i s  d a t a  i s  unknown. E x p la n a t io n s  f o r  t h i s  d i s p a r i t y  would 
have to  in c lu d e  d i s c r e p a n c i e s  to o  s m a l l  f o r  t h e s e  methods to  
d e t e c t .  The f a c t  t h a t  c h ro m a to g ra p h ic  s e p a r a t i o n s  o f  c o n t r o l  
and e x p e r im e n ta l  b r a i n  l i p i d s  showed e s s e n t i a l l y  i d e n t i c a l  
c o m p o s i t io n  was n o t  u n e x p e c te d .  The f a c t  t h a t  MAM e f f e c t  
on th e  enzyme sy s te m s m igh t be q u a n t i t a t i v e  r a t h e r  th a n  
q u a l i t a t i v e  i s  w h o lly  w i th in  r e a s o n .  I t  must a l s o  be 
remembered t h a t  n e u ro n a l  axons a re  t h e  s t r u c t u r e s  which a re  
m y e l in a te d  and s i n c e  t h e r e  a p p ea rs  t o  be few er n e u ro n s , 
t h e r e  s h o u ld ,  t h e r e f o r e ,  be few er m y e lin  s h e a t h s .  A lthough  
p r e l im in a r y  and s c a n t ,  t h e  e l e c t r o n  m ic ro sc o p ic  a b e r r a t i o n s
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s u b s t a n t i a t e d  t h e  h y p o th e s is  t h a t  m y e l i n i z a t i o n  was a f f e c t e d  
by p r e n a t a l  MAM a d m i n i s t r a t i o n .
C e r e b e l l a r  damage by p r e n a t a l  MAN a d m i n i s t r a t i o n  has 
n o t  been  p r e v io u s ly  r e p o r t e d .  The s i g n i f i c a n c e  o f  f i n d in g  
reduced  numbers o f  Bergm an's c e l l s  i n  t h e  e x p e r im e n ta l  
an im als  needs f u r t h e r  i n v e s t i g a t i o n .  The o n ly  assum ption 
t h a t  co u ld  be made a t  t h i s  t im e  i s  t h a t  B ergm an 's  c e l l s  a re  
e i t h e r  u n d e rg o in g  a c t i v e  d i f f e r e n t i a t i o n  o r  m igra tion , a t  t h e  
tim e of I4AM a d m i n i s t r a t i o n .  However, t h e  c e l l  r e d u c t io n  was 
c o n s i s t e n t ,  marked and a p p a r e n t l y  caused  by MAM a d m in is t r a ­
t i o n .
CHAPTER V
SUMMARY AND CONCLUSIONS
I n  a s e r i e s  o f  e x p e r im e n ts  MAM in d u ced  m ic ro c e p h a l ia  
r a t s  were exam ined by a n a to m ic a l  and b io c h e m ic a l  p r o c e d u r e s .
A s e r i e s  o f  specim ens was o b ta in e d  from an im a ls  r a n g in g  i n  
age from b i r t h  to  n in e  m onths . These  t i s s u e  sam ples  were 
examined u s i n g  r a d i o l o g i c ,  h i s t o l o g i c ,  c y t o l o g i c ,  ch rom ato ­
g r a p h i c ,  and s p e c t r o p h o to m e t r ic  t e c h n iq u e s .
The f o l lo w in g  a re  t h e  most s i g n i f i c a n t  p o i n t s  o f  t h i s
s tu d y .
(1 )  HAM in d u ced  m ic ro c e p h a ly  was accom panied by 
e a r l y  s o m a t i c  grow th  r e t a r d a t i o n .
(2) There  a p p ea rs  t o  be few er neu ro ns  and c lum ping 
o f  n e u ro n s  i n  th e  c e r e b r a l  c o r t e x  o f  MAM t r e a t e d  a n im a ls ,
(3 )  MAM in d u ced  m ic ro c e p h a ly  a l s o  e x h i b i t s  p r e v i o u s ly  
u n r e p o r t e d  s u p p r e s s io n  o f  B ergm an 's  c e l l s  i n  t h e  c e r e b e l lu m .
(4 )  L ip id  and w a te r  d i s t u r b a n c e s  ap p ea r  t o  be 
a s s o c i a t e d  w i th  MAM in duced  m ic ro c e p h a ly  b u t  do n o t  appear, 
to  be r e l a t e d  to  c h o l e s t e r o l  and c e r e b r o s id e s .
(5) MAM in duced  m ic ro c e p h a ly  most c l o s e l y  re se m b le d  
m ic ro c e p h a ly  p roduced  by i r r a d i a t i o n  r a t h e r  th a n  any o th e r
26
27
e t i o l o g i c  a g e n t .
(6) A h y p o th e s is  was p r e s e n te d  to  a c c o u n t  f o r  some 
o f  th e  s t r u c t u r a l  and b io c h e m ic a l  a b e r r a t i o n s  s e e n  i n  MAM 
in d u ce d  m ic ro c e p h a ly .
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F ig u r e  1. S ch em a tic  r a d i o g r a p h ie  t r a c i n g s  showing 
c o o r d in a te s  f o r  c e p h a lo m e t r ic  m easu rem en ts . (A) l a t e r a l  v iew ; 







F ig u r e  2 .  S ch em a tic  r e p r e s e n t a t i o n  sum m ariz ing  th e  
major s t e p s  i n  t h e  b io c h e m ic a l  a n a ly s e s .
37 
PLATE II
weighed and f roz e n
place  above D r i r i t e  a t  
570  u n t i l  c on s tan t  
weight reached
ex trac ted  wi th  Cl [ie ( 2 :1 )  
f in a l  d i l u t i o n  20:1 (V;/J)
f i l t e r e d  through tared f a t  
f r e e  f i l t e r  paper r e s id u e  
placed above D r i r i t e  a t  
57°C u n t i l  c o n s ta n t  we ight  
achieved
evaporated t o  1 ml
0 .1  ml used f o r  t o t a l  
c h o l e s t e r o l  de term in ation
Folch c o n d i t i o n s  e s t a b l i s h e d :  
d i lu t e d  10; 1
TLC
I (V:V) w i th  prepared  lower phase
c e rebros id es  determined
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PLATE I I I
F ig u re  3 . Graph d e p i c t i n g  th e  av e rag e  body w e ig h ts  
f o r  c o n t r o l  and e x p e r im e n ta l  an im a ls  a c c o rd in g  to  p o s t n a t a l  
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PLATiJ IV
F ig u re  4 .  Graph r e p r e s e n t i n g  o b s e r v e d - p r e d ic t e d  
b r a i n  w e ig h ts  in  c o n t r o l  and e : :p e r in e n ta l  an im als  a c c o rd in g  







C o n t r o l , O b s erved-P red ic ted  (26 an imals)
Exper imenta l ,  P r e d ic t e d  






7 14 21 35 42 4928 56
-u1“>
AGE I N  DAYS
42
PLATE V
F ig u re  5 .  P ho tog raph  showing removed b r a i n s  o f  co n ­
t r o l  (C) and e x p e r im e n ta l  (E) a n im a ls  a t  35 days o f  age .





F ig u re  6. P h o to m ic ro g rap h . 14 day o ld  c o n t r o l  
a n im a l .  P a r i e t a l  c o r t e x  showing norm al d e p th  o f  th e  o u t e r  
m o le c u la r  l a y e r  (M). (H & E, 6ÛX).
F ig u re  7. P h o to m ic ro g rap h . 14 day o ld  e x p e r im e n ta l  
a n im a l .  P a r i e t a l  c o r t e x  showing d e c re a s e d  d e p th  o f  t h e  
o u t e r  m o le c u la r  l a y e r  (I-H and d i s o r g a n i z a t i o n  o f  u n d e r ly in g  
c o r t i c a l  n e u ro n s .  (H & E, 60X).
45
PLATE VI
w m m - "
46
PLATE VII
F ig u re  8 .  P h o to m ic ro g rap h . 28 day o ld  e x p e r im e n ta l
an im a l .  P a r i e t a l  c o r t e x  showing ab n o rm a lly  clumped neu ro n s  
(N O . (CVA, 150%).
F ig u re  9 .  P h o to m ic ro g rap h . 28 day  o ld  c o n t r o l  a n i ­
m al. Hippocampal g y ru s  showing norm al n e u ro n a l  (HN) .c o n f ig ­
u r a t i o n .  (CVA, 150%)
47
PLATE VII
** ■ -  . .  .1 % .'
r # a  *
f  y
f  f e>
»




PLATü V II I
F ig u re  10. P h o to m ic ro g rap h . 28 8 ay o ld  e x p e r im e n ta l  
a n im a l .  Hippocam pal g y ru s  showing few er th a n  normal numbers 
o f  n eu ro n s  and d i s o r g a n i z a t i o n  (IRI). (cv&, 150;:).
F ig u re  11. P h o to m ic ro g rap h . 51 day o ld  e x p e r im e n ta l  






F ig u re  12. P h o to m ic ro g rap h . 14 day o ld  e x p e r im e n ta l
a n im a l .  C erebe llum  showing th e  e x t e r n a l  g r a n u la r  l a y e r  (EGL) 
(H & E, 300X).
F ig u re  13 . P h o to m ic ro g rap h . 28 day o ld  c o n t r o l  a n i ­
m al. C erebe llum  showing P u r k in j e  c e l l s  and Bergm an 's c e l l s






F ig u re  14. P h o to m ic ro g rap h . 28 day o ld  e x p e r im e n ta l  
a n im a l .  C erebe llu m  showing P u r k in j e  c e l l s  and l a c k  o f  
Bergm an 's c e l l s .  (H & E, 600X).
F ig u re  15, E le c t r o n m ic r o g r a p h .  40 day o ld  c o n t r o l  
a n im a l .  Corpus c a l lo su m  showing numerous m y elin  s h e a t h s .  





F ig u r e  1 6 . E le c t ro n m ic ro g ra p h .  40 day  o ld  e x p e r i ­
m en ta l a n im a l .  Corpus c a l lo su m  showing s p a r s e  m yelin  s h e a t h s .  
S ta in e d  w i th  u r a n y l  a c e t a t e .  (11,600X).
F ig u re  1 7 . E le c t ro n m ic ro g ra p h .  40 day  o ld  e x p e r i ­
m en ta l  a n im a l .  Corpus ca l lo su m  showing axon w i th  Type C 
m yelin  s h e a th  d e f e c t  ( a r r o w ) .  Note the  c y to p la s m ic  o r g a n e l l e  






PLATE . C i l
F i g u r e  18. E l e c t r o n m i c r o g r a p h .  40 d a y  o l d  e x p e r i ­
m e n t a l  a n i m a l .  C o r p u s  c a l l o s u m  showinq f i g u r e  8 m y e l i n  
s h e a t h  c o n f i g u r a t i o n  ( a r r o w ) .  S t a i n e d  w i t h  u r a n y l  a c e t a t e .  
(11 ,600X ).
F ig u re  19. E le c t ro n m ic ro g ra p h .  40 day  o l d .  Exjseri- 
m en ta l  a n im a l .  Corpus c a l lo su m  showing f i g u r e  8 m yelin  




PLATE K i l l
F ig u re  20. Com posite d raw ing  o f  t h i n  l a y e r  chroma­
t o g r a p h i c  p l a t e s .
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1 -  c h o l e s t e r o l  and c h o l e s t e r o l  o l e a t e  FA - f a t t y  ac ids
2 -  monopalmitin,  1-3 d ip a l m i t i n ,  f a t t y  ac id s  CE - c h o l e s t e r o l  e s t e r
3 -  Exp. 50 jjl -  150 )j1 TG - t r i g l y c e r i d
4 -  Cont. 50 ;j 1 -  150 _pl DG - d i g l y c e r i d e
5 -  Exp. 150 | i l  -  250 p i  C - c h o l e s t e r o l
6 -  Cont. 150 p i  -  250 p i  MG -  monoglyceride
PL - phospho lip id
